The Kingman pegmatite, located in the Cerbat Range in northwestern Arizona, is hosted by orogenic 1.7 Ga Paleoproterozoic granitic rocks. This post-orogenic pegmatite was intruded into these granites during the middle Proterozoic (ca. 1.5 Ga) subsequent to the Yavapai and Mazatzal orogenies. Extreme LREE-enrichment, as well as the HREE-depletion, is exemplified by the presence of abundant large crystals of LREE-enriched allanite and a near-absence of HREE-enriched minerals. Most of the allanite is Nd-rich allanite-(Ce). However, several of the samples have domains that are Nd-dominant, and thus are allanite-(Nd). This represents the fourth world location and the first reported U.S. location for allanite-(Nd). The Nd-dominant domains, which typically occur near the rim of grains and along fractures, may be the result of alteration by highly oxidizing late-stage fluids that replaced allanite with bastnäsite-(Ce). Late-stage carbonate fluids, enriched in F from the dissolution of biotite, could have preferentially redistributed Ce into bastnäsite-(Ce), resulting in Nd-enriched recrystallized allanite near fractures and along the recrystallized rim. As the Kingman pegmatite is not associated with a parental granite and as it exhibits unusual depletions in F, Nb, Ta, and HREE and an extreme enrichment in the LREE, we favor an anatectic origin.
iNTrOdUcTiON
The Kingman granitic pegmatite is one of five large bodies recently studied in the Mojave pegmatite district in northwestern Arizona. The Mojave pegmatites were uplifted and exposed as a result of block faulting during Basin and Range extension in the Tertiary. The Kingman pegmatite crops out near the southeastern base of the Cerbat Range approximately a kilometer and a half northwest of Kingman, Arizona. The other four bodies of pegmatite lie approximately 65 km southeast of Kingman on the western flank of the Aquarius Range. The Kingman pegmatite is unique in the Mojave District as it is the only body that is intrusive into older host granite and not associated with a genetically related host pluton. The Kingman pegmatite is enriched in the rare-earth elements (REE), yet minerals composed of the heavy rare-earth elements (HREE), F, Nb are conspicuously absent. Instead, the pegmatite exhibits an extreme enrichment in light rare-earth elements (LREE) as allanite is the only REE mineral present; it occurs as abundant and large crystals. Some allanite crystals exhibit variable dominance in REE as they have Ce-dominant cores with domains along the rims and fractures that are Nd-dominant. The purpose of this study is to characterize the unusual REE profiles exhibited by both the pegmatite and the allanite crystals.
GeNeraL GeOLOGy
The Mojave district pegmatites lie within the eastern portion of the Mojave province, a terrane that underlies much of present-day extreme northwestern Arizona, southeastern California, southern Nevada and southwestern Utah. The Mojave province is composed predominantly of recycled crustal material that, on the basis of zircon chronology from metasedimentary rocks, is as old as 2.830 Ga (Wooden & Miller 1990 , Wooden et al. 1988 , Duebendorfer et al. 2001 . Juxtaposition of the Mojave terrane with the adjacent juvenile Yavapai terrane occurred between 1.740 and 1.720 Ga (Duebendorfer et al. 2001) . The sutured Mojave and Yavapai terranes docked with Laurentia during the Yavapai Orogeny (1.710-1.680 Ga) as part of a progressive amalgamation that added new crust to southern Laurentia (Whitmeyer & Karlstrom 2007 , Duebendorfer et al. 2001 .
Plutons in the Cerbat Mountains are orogenic and range in age from 1.768 ± 5.5 Ga to 1.719 ± 1.2 Ga, thus are generally contemporaneous with the justaposition of the Mojave and Yavapai terranes (Duebendorfer et al. 2001) . Large exposures of the youngest of these plutons, the Diana granite, crop out in the western and eastern Cerbat Range (Duebendorfer et al. 2001) . On the basis of textural similarities, it is inferred to be the granitic massif into which the Kingman pegmatite is intruded. These plutonic rocks are a medium grained, porphyritic granodiorite to quartz diorite with microcline megacrysts up to 1.2 cm across.
Like all bodies of pegmatite in the Mojave pegmatite district, the Kingman pegmatite has a distinctive anorogenic chemical signature, which includes LREE enrichment. Microcline from the Kingman pegmatite yielded a 87 Sr-87 Rb age of ca. 1.550 Ga (Wasserburg & Lanphere 1965) , whereas electron-microprobe-derived ages on monazite from a satellite quarry yielded an average age of 1.561 ± 37 Ga. Thus, these pegmatites are related to post-orogenic extensional magmatism that occurred subsequent to the Yavapai and Mazatzal orogenies between approximately 1.3 and 1.6 Ga, generally referred to as ca. 1.4 Ga magmatism. The nature of this extension remains controversial and has been attributed to back-arc extension in a broadly compressional regime (McLelland et al. 1996 , Kay & Mahlburg-Kay 1993 , Condie 1986 as well as to a broadly extensional regime following a supercontinent breakup (Windley 1993) . Regardless of whether the tectonic regime was broadly compressional with localized extension or broadly extensional, the Mojave pegmatites are distinctly anorogenic in character and record an extensional event in northwestern Arizona (Simmons et al. 2011) .
The KiNGmaN PeGmaTiTe
The Kingman pegmatite is a sill-like body that trends N50-65°E, dips 60-75°NW and ranges in thickness from 20 to 60 m, with a general widening to the northeast (Heinrich 1960 ). The pegmatite is exposed over approximately 500 meters. Approximately 1.5 km to the southwest of the main quarry, roughly along strike with the Kingman pegmatite, a small prospect pit exposes a small portion of the northern edge of a larger body of pegmatite that may be a continuation of the Kingman pegmatite.
Contacts between the pegmatite and the older host granitic rocks into which they were intruded are well defined and, in some locations, exhibit reaction boundaries 0.3 m wide with the host granite. A distinct ~0.5 m border zone composed of white, aplitic quartz and feldspar is present along the contact. Feldspar mining in the 1950s opened three main cuts into the pegmatite, which herein will be referred to as A, B and C. In cuts B and C (Fig. 1) , much of the pegmatite has been removed, in some areas down to the country rock. Where wallzone material is exposed, abundant allanite is present. Approximately 150 m to the northeast of Cut B is a third pit, Cut A, that exposes both wall zone and core of the pegmatite as well as the host pluton. Along the northwest wall of the cut, a nearly horizontal diabase dike (0.1-0.6 m) cuts the pegmatite. There are also several roof pendants of gneissic metamorphic rocks exposed within the granite and pegmatite. Allanite is notably absent from Cut A.
The Kingman pegmatite is zoned, with a thin discontinuous border zone that ranges from 0.1 to 0.5 m thick and is composed almost entirely of microcline and fine-grained quartz. The wall zone ranges in thickness from 3 to 6 m, with an average of approximately 4 m. It is comprised predominantly of quartz and white microcline with lesser biotite and accessory allanite, magnetite, zircon, titanite, bastnäsite, uraninite, apatite, hematite, ilmenite and rutile. In Cut A only, small amounts of muscovite and rare millimeter-sized crystals of garnet also are present. The composite quartz-microcline core ranges in thickness from 10 to 60 m, with microcline masses averaging 3-4 m across and less abundant pods of grey quartz that reach approximately 2 3 2 3 5 m (Heinrich 1960) . Locally, stringers of quartz from the quartz pods cut through the large microcline masses.
The Kingman Feldspar pegmatite exhibits an unusual REE mineral assemblage; HREE-bearing minerals are conspicuously absent. Only one small (~1 cm) mass of aeschynite-(Y) was recovered from material slumped off the east wall in the satellite quarry (Hanson et al. 2007) . Conversely, the only LREE phase, allanite, is abundant in the Kingman mine; it occurs as unusually large and abundant crystals. Heinrich (1960) reported that during one excavation in 1944, approximately 20 tonnes of allanite were sent to an unknown buyer. Within the small satellite prospect pit, two large pods (up to 30 cm) of monazite-(Ce) are exposed on the western wall of the cut (Hanson et al. 2007) . Fluorite is notably absent. Thus the pegmatites are strongly enriched in LREE and extremely depleted in Nb, HREE, and F. These chemical characteristics are atypical for classic niobium-yttrium-fluorine (NYF) pegmatites as described by Černý & Ercit (2005) . A new species, allanite-(Nd), discovered in an NYF pegmatite near Åskagen, Värmland, Sweden, was recently approved by the IMA (Škoda et al. 2010) . In addition, two previous reports of Nd-dominant allanite predate IMA approval. These include specimens from granitic pegmatites near Madrid (Gonzalez del Tánago 1997) and Japan (Minakawa et al. 2001) .
In the Kingman pegmatite, allanite occurs as large, extensively fractured pods or crude crystals up to nearly a half meter in size on the south wall of cuts B and C. The individual crystals are nearly to completely metamict, dark brown to black in color, euhedral to subhedral, and reach ~25 cm in length. All of the exposed surfaces of allanite are coated with a reddish iron oxide crust and locally with Nd-enriched bastnäsite-(Ce). Microscopic inclusions of thorogummite occur within the allanite.
aNaLyTicaL meThOdS X-ray-diffraction analyses were carried out at the University of New Orleans using a Scintag XDS-2000 X-ray diffractometer at a scan rate of 2° 2u per minute. Standards for calibration include corundum and quartz.
Cell parameters were calculated using reflections between 8 and 57° 2u with CELL, a modified IBM-PC version of the least-squares refinement program of Appleman & Evans (1973) .
The chemical composition of the allanite was measured at the University of New Orleans on an ARL-SEMQ electron microprobe with an acceleration voltage of 15 kV and a beam current of 15-20 nA. Peak counts were collected for 45 seconds, and background positions were determined by the mean atomic number (MAN) method. Standards are as follows with detection limits in parentheses: synthetic REE orthophosphates (La for La, Ce, Eu, Gd, Tb, Ho, Tm, Yb, Lu and Lb for Pr, Nd, Sm, Dy and Er) (0.010), synthetic YPO 4 (Y) (0.010), synthetic PbO (Pb) (0.012), synthetic UO 2 (U) (0.010), synthetic ThO 2 (Th) (0.010), albite (Na) (0.014), orthoclase (K) (0.011), diopside (Mg) (0.012), Ca (0.008) and Si), fayalite (Fe) (0.008), rutile (Ti) (0.008), spessartine (Mn) (0.009), and topaz (F) (0.015). Matrix effects were corrected using a f(rZ) correction procedure (Pouchou & Pichoir 1991 ).
x-ray diFFracTOmeTry
Owing to the metamict nature of the allanite, heating was required prior to X-ray-diffraction analysis. Metamict samples were heated to 700°C for 12 hours in a slightly reducing atmosphere, achieved using a mixture of 95% Ar and 5% H 2 as described by Sugitani et al. (1984 Sugitani et al. ( , 1985 (Fig. 2 ). An indexed pattern of heated allanite (JCPDS #9-474) is compared to peaks for allanite-(Nd) in Table 1 . Cell parameters are given in Table 2 . The similarity of this pattern to the JCPDS heated allanite as well as the similarity of the cell edges confirm the allanite structure of this mineral.
chemicaL cOmPOSiTiON
The bulk composition and chemical formulae for selected allanite samples from Kingman are given in Table 3 . Oxide totals were initially recalculated on the basis of eight cations. Subsequently, Fe 2+ and Fe 3+ were partitioned to yield a total of 25 positive charges. The amount of H 2 O was calculated by stoichiometry to yield a total of (OH + F + Cl = 1 apfu). Site occupancies were allotted according to the method suggested by Armbruster et al. (2006) . The species affiliation for each sample was determined using both A2 and M3 site occupancies in a method proposed by Ercit (2002) . Ercit (2002) showed that a series A2 and M3 substitutions may produce epidote-clinozoisite versus allanite-(La), and allanite-(La) and allanite-(Y) versus a hypothetical end-member devoid of Fe. He further suggested that the relative proportions of these end members are best differentiated using combined expressions that are based on cation occupancies of the A2 and M3 sites. A plot of these expressions (Fig. 3) shows that all samples have sufficient REE (Ln) and divalent M3 cations to place them in the allanite group rather than the epidote group of minerals.
Allanite from the Kingman mine is predominantly Nd-rich allanite-(Ce). However, several of the samples from cut B exhibit Nd-dominant domains, and thus are allanite-(Nd) (Fig. 4) . In general, the more Nd-enriched areas are located along fractures and near the rim of the crystals. This variability in the dominant cation arises from subtle differences in the relative abundance of Ce and Nd, with Nd/Ce values ranging from 0.57 to 1.51. Thus, the allanite ranges from Ce-to Nd-dominant within distinct domains. Because the chemical differences are small, the individual domains are not readily distinguishable using back-scattered electron microscopy. The Nd-rich domains, however, are generally associated with bastnäsite-(Ce) which occurs as an alteration product along the rim of the allanite grains (Fig. 5) . Like allanite-(Nd), the bastnäsite-(Ce) has nearly equal Ce and Nd apfu (Fig. 4) .
A chondrite-normalized plot of compositions of Kingman allanite shows the significant enrichment in LREE as well as the subtle variations in the Ce and Nd contents (Fig. 6) . It is evident from this figure that the allanite-(Nd) is not really Nd-enriched but instead has a relatively slightly lower level of Ce. In addition, both allanite-(Ce) and allanite-(Nd) exhibit unusual spikes in Yb. Ytterbium enrichments in REE minerals are rare, and Yb-dominant REE minerals are generally the result of Y depletion in F-enriched pegmatites, as Y, which is preferentially complexed with F over the other HREE, may remain in the fluid phase (Gramaccioli et al. 1999 , Gramaccioli & Pezzotta 2000 , Simmons et al. 2006 . The lack of F in the Kingman Pegmatite precludes this mechanism for Yb enrichment. It should be noted, however, that the Yb enrichment may be more apparent than real, as the HREE elements are very low in abundance; the anomaly may simply be the result of analytical error. Bastnäsite-(Ce), much like the allanite-(Nd), exhibits depletions in Ce relative to Nd and La (Fig. 6) .
diScUSSiON aNd cONcLUSiONS
The Kingman pegmatite is intrusive into Paleoproterozoic orogenic granitic rocks that were emplaced as an outboard collision sutured the Yavapai and Mojave terranes prior to docking with the Laurentian continent (1.71-1.68 Ga) (Duebendorfer et al. 2001) . The Kingman pegmatite is post-orogenic and was emplaced subsequent to the 1.65 -1.60 Ga Mazatzal orogeny as a sill-like structure into the newly formed Laurentian crust ca. 1.5 Ga. Its emplacement is considered to be contemporaneous with that of the voluminous ca. 1.3-1.6 Ga granitic rocks that were emplaced along a belt 600 to 1000 km wide that extends in length from Labrador to the southwestern United States. The parent pluton for this pegmatite is not exposed in the Cerbat Range; it thus either lies at depth and is not exposed, or perhaps it was geographically separated by block faulting during Basin and Range extension. Or perhaps there was no parent pluton (see below).
Although LREE enrichments are common in anorogenic felsic melts, the Kingman pegmatite exhibits an unusual and extreme level of LREE enrichment, as well as HREE depletion. A LREE enrichment in granitic rocks have been attributed to partial melting of withinplate granite and subsequent partitioning of HREE into a late-stage fluid via fluorine complexing (Simmons et al. 1987 , Gramaccioli et al. 1999 , Gramaccioli & Pezzotta 2000 . The absence of fluorine to act as a HREE complexing agent, as well as the near-absence of HREE-enriched minerals in either the quarry or the dump material, suggest a strong depletion of HREE in the melt that produced the pegmatite. These features are so different from the characteristics of NYF-type pegmatites that occur as segregations in their parent plutons that we conclude that this pegmatite is not likely the result of fractionation derived from a granitic pluton. Recently, several authors have shown that unusual "parentless" pegmatites may be anatectic in origin rather than the result of extreme fractionation of a granitic melt (Martin & De Vito 2005 , Ercit 2006 ). An anatectic origin for the Kingman pegmatite is favored because: 1) it is not associated with a parent granite; 2) it is anomalously depleted in F, Nb, Ta, and HREE, and 3) it is extremely enriched in the LREE, which is consistent with a partial melt derived from continental crust.
The abundance of allanite in the Kingman pegmatite is attributed to an extreme LREE enrichment coupled with a near-absence of P and F, which would have allowed for the formation of either monazite or bastnäsite, respectively. Most of the allanite from the Kingman pegmatite is Nd-rich allanite-(Ce). However some of the samples from the B cut have domains with Nd dominant at the A2 site, and thus are allanite-(Nd).
These samples represent the fourth world location and the first reported location in the United States for the recently approved allanite-(Nd).
The slight enrichment in Nd and depletion in Ce in allanite-(Nd) relative to the allanite-(Ce) cannot be attributed to alteration by late-stage oxidizing fluids, as oxidation to the less mobile Ce to +4 would preferentially remain, thus leaving the crystals enriched in Ce relative to the other REE (Albio & Nokazi 1999). Thus we suggest that the slight Nd enrichment exhibited in allanite along the rim and along fractures may be related to late-stage alteration of allanite-(Ce) to bastnäsite-(Ce). Carbonate-bearing late-stage fluids may have become more enriched in F, the result of biotite decomposition, producing bastnäsite-(Ce) with slightly lower Nd/Ce values. The redistribution of Ce preferentially to bastnäsite-(Ce) would then lead to greater Nd/ Ce values in recrystallized allanite near fractures and along the recrystallized rim.
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